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HOS'T, SYSTEM, AND METHODS FOR
TRANSMITTING COMMANDS TO

NON-VOLATILE MEMORY CARD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(a)
from Korean Patent Application No. 10-2012-0102484 filed
on Sep. 14, 2012, the disclosure of which is hereby incorpo-
rated by reference 1n 1ts entirety.

BACKGROUND

Example embodiments of the inventive concepts relate to a
host for controlling a non-volatile memory card, and more
particularly, to a host for increasing read/write performance
of the non-volatile memory card, a system including the
same, and method of operating the host and the system.

A multimedia card (MMC) 1s a representative one of non-
volatile memory cards. The MMC 1s a flash memory card
standard. An eMMC 1s an embedded MMC standard defined
by the Joint FElectron Devices Engineering Council (JEDEC).
WitheMMC, communication is based on a 10-signal bus. The
eMMC may be embedded 1n mobile communication devices
like smart phones.

SUMMARY

According to some example embodiments of the inventive
concepts, there 1s provided a method of operating a host
connected with a non-volatile memory card through a clock
bus, a command bus, and one or more data buses. The method
includes transmitting a first command to the non-volatile
memory card through the command bus, transmitting first
data corresponding to the first command to the non-volatile
memory card through the one or more data buses or recerving,
the first data from the non-volatile memory card through the
one or more data buses, and transmitting a second command
to the non-volatile memory card at least once through the
command bus during or before transier of the first data.

The second command may be transmitted when the non-
volatile memory card 1s in a busy state.

The busy state of the non-volatile memory card may be
indicated by one of the one or more data buses.

The method may further include operating a command bus
state machine for managing states of the command bus and
operating a data bus state machine for managing states of the
one or more data buses independently from the command bus
state machine. The states of the one or more data buses may
include an 1dle state, a data transfer state, and a receive-
response or wait state. The second command may be trans-
mitted to the non-volatile memory card when a state of the
one or more data buses 1s the data transfer state or the recerve-
response or wait state.

The first command may be a command accompanied by
data and the second command may be a command that 1s not
accompanied by data.

The method may further include managing the number of
transmission times of the second command.

According to other example embodiments of the inventive
concepts, there 1s provided a method of operating a non-
volatile memory card system including a host connected with
a non-volatile memory card through a clock bus, a command
bus, and one or more data buses. The method includes the host
transmitting a first command to the non-volatile memory card
through the command bus; transterring first data correspond-

10

15

20

25

30

35

40

45

50

55

60

65

2

ing to the first command between the host and the non-volatile
memory card through the one or more data buses; and the host
transmitting a second command to the non-volatile memory
card through the command bus during the transter of the first
data.

The method may further include the non-volatile memory
card sequentially recerving a plurality of second commands
and storing them 1n a command register. The transmaitting the
second command to the non-volatile memory card may
include the host transmitting the plurality of second com-
mands of the same type to the non-volatile memory card.

Each of the second commands may be a prepare-read com-
mand including a data size indicating a size of data to be read
and a start address. The data size and the start address may be
stored 1n the command register.

The method may further include the non-volatile memory
card reading data from a non-volatile memory and storing the
data in a data buifer included 1n the non-volatile memory card
in response to each second command.

The method may further include the host transmitting a
third command to the non-volatile memory card; and the
non-volatile memory card transmitting the data stored 1n the
data butier to the host in response to the third command.

The method may further include the host transmitting a
cancel command for specifically cancelling all or some of the
plurality of second commands to the non-volatile memory
card; and the non-volatile memory card invalidating the all or
some of the second commands specified by the cancel com-
mand or data corresponding to the specified all or some of the
second commands 1n response to the cancel command.

Each of the second commands may be a prepare-write
command including a data size indicating a size of data to be
written and a start address.

The method may further include the host transmitting sec-
ond data corresponding to a first second command among the
plurality of second commands to the non-volatile memory
card through the one or more data buses; the non-volatile
memory card receiving and programming the second data to
the non-volatile memory 1n response to the first second com-
mand; the host transmitting a second command among the
plurality of second commands to the non-volatile memory
card while the second data 1s being transmitted through the
one or more data buses; the host transmitting third data cor-
responding to the second command to the non-volatile
memory card through the one or more data buses after the
second data 1s completely transmitted; and the non-volatile
memory card recerving and programming the third data to the
non-volatile memory in response to the second command.

According to further example embodiments of the inven-
tive concepts, there 1s provided a host connected with a non-
volatile memory card through a clock bus, a command bus,
and one or more data buses. The host includes a processor
configured to control overall operation of the host and a host
controller configured to be electrically connected with the
processor and to interface with the non-volatile memory card.

The host controller may transmait a first command to the
non-volatile memory card through the command bus, trans-
mit first data corresponding to the first command to the non-
volatile memory card through the data bus or receive the first
data from the non-volatile memory card through the one or
more data buses, and transmit a second command to the
non-volatile memory card through the command bus during
or belore transier of the first data.

According to example embodiments of the inventive con-
cepts, a method of operating a host connected to a non-
volatile memory includes transmitting a first command from
the host to the non-volatile memory card through a command
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bus, the first command indicating first data; transierring the
first data by performing at least one of, transmitting the first
data from the host to the non-volatile memory card through
one or more data buses, and receiving, at the host, the first data
from the non-volatile memory card through the one or more
data buses; and transmitting a second command to the non-

volatile memory card through the command bus during or
betfore the transfer of the first data.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of example
embodiments will become more apparent by describing 1n
detail example embodiments with reference to the attached
drawings. The accompanying drawings are intended to depict
example embodiments and should not be interpreted to limat
the intended scope of the claims. The accompanying draw-
ings are not to be considered as drawn to scale unless explic-
itly noted.

FIG. 1 1s a block diagram of a non-volatile memory card
system according to some example embodiments of the
inventive concepts;

FIG. 2 1s a block diagram of a host controller illustrated in
FIG. 1 according to some example embodiments of the mnven-
tive concepts;

FI1G. 3 1s a block diagram of an embedded multimedia card
(eMMC) according to some example embodiments of the
iventive concepts;

FIG. 4A 1s a diagram of an example of a device command
register 1llustrated 1n FIG. 3;

FIG. 4B 1s a diagram of an example of command informa-
tion stored 1n a register illustrated 1n FIG. 4A;

FIG. 5 1s a diagram of another example of the device
command register illustrated 1n FIG. 3;

FIG. 6 1s a diagram of a command bus state machine
according to some example embodiments of the mventive
concepts;

FI1G. 7 1s adiagram of a data bus state machine according to
some example embodiments of the inventive concepts;

FIG. 8 1s a flowchart of a method of operating a non-
volatile memory card system according to some example
embodiments of the inventive concepts;

FIG. 9 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to some example embodiments of
the inventive concepts;

FI1G. 10 1s a schematic timing chart illustrating the opera-
tions of a non-volatile memory card system according to
some example embodiments of the inventive concepts;

FIG. 11 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to other example embodiments of
the inventive concepts;

FIG. 12 1s a schematic timing chart for the comparison
between a conventional write operation of an eMMC and a
write operation according to some example embodiments of
the inventive concepts;

FIG. 13 1s a flowchart of a read operation according to
turther example embodiments of the inventive concepts;

FIG. 14 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to other example embodiments of
the inventive concepts;

FIG. 15 1s a flowchart of a write operation according to
other example embodiments of the mventive concepts; and
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FIG. 16 1s a schematic timing chart for the comparison
between a conventional write operation of an eMMC and a

write operation according to further example embodiments of
the inventive concepts.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Example embodiments of the inventive concepts will now
be described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the inven-
tion are shown. This invention may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention
to those skilled 1n the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.
Like numbers refer to like elements throughout.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
1s referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items and may be abbreviated as */”.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first signal could be termed a second signal, and,
similarly, a second signal could be termed a first signal with-
out departing from the teachings of the disclosure.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
turther understood that the terms “comprises” and/or “com-
prising,” or “includes™ and/or “including” when used 1n this
specification, specily the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, 1ntegers, steps, operations, elements, com-
ponents, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be fturther understood
that terms, such as those defined 1n commonly used dictio-
naries, should be mterpreted as having a meaning that 1s
consistent with their meaning 1n the context of the relevant art
and/or the present application, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

It should also be noted that 1n some alternative implemen-
tations, the functions/acts noted may occur out of the order
noted 1n the figures. For example, two figures shown 1n suc-
cession may 1n fact be executed substantially concurrently or
may sometimes be executed 1n the reverse order, depending
upon the functionality/acts involved.

The embedded multimedia card (eMMC), electrical stan-
dard (version 4.51), 1.e., JESD84-B451, published by the
Joint Electron Devices Engineering Council (JEDEC) (http://
www.jedec.org) in June 2012 1s hereby incorporated by ret-
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erence. Accordingly, unless otherwise defined, terms and
definitions used herein have the same meaning as defined 1n
the JESD84-B4351.

Various example embodiments of the inventive concepts
include lines (or channels) 1n addition to an existing 10-wire
bus 1n order to increase noise immunity and a transmission
speed of data transierred between a host and a device.

Herein, a channel transmitting a signal or a voltage may be
a host pad, an eMMC pad, a bus, a line, a driver (including a
differential amplifier 1n some embodiments), a receiver (1n-
cluding a differential amplifier in some embodiments), or a
combination of at least two thereot. The functions of the lines
and circuits and methods for generating a signal transmitted
through the lines will be described 1n detail hereinafter.

Unless explicitly otherwise described with a specific inten-
tion, the propagation delay of a functional circuit such as a
bus, a wire, a pad (or a pin), a driver, a receiver, and/or a
differential amplifier 1s not considered for convenience’ sake
in the description.

FI1G. 1 1s a block diagram of an eMMC system 100 accord-
ing to some example embodiments of the inventive concepts.
The eMMC system 100 includes a host 200 and a device 300.
Thedevice 300 1s anon-volatile memory card such as a secure
digital (SD) card, MMC or eMMC. However, example
embodiments of the inventive concepts are not restricted
thereto.

In some example embodiments of the inventive concepts,
the device 300 1s an eMMC.

The host 200 may control data processing operations such
as a data read operation and a data write operation. The data
processing operations may be performed at a single data rate
(SDR) or a double data rate (DDR).

The host 200 may be a data processing device, such as a
central processing unit (CPU), a processor, a microprocessor,
or an application processor, which can process data. The data
processing device may be embedded or implemented 1n an
clectronic device. The electronic device may be implemented
as a personal computer (PC), a laptop computer, a mobile
telephone, a smart phone, a tablet PC, a personal digital
assistant (PDA), an enterprise digital assistant (EDA), a digi-
tal still camera, a digital video camera, an audio device, a
portable multimedia player (PMP), a personal navigation
device or portable navigation device (PND), an MP3 plaver, a
handheld game console, or an e-book.

The eMMC 300 may be electrically connected with the
clectronic device through connection means (e.g., pads, pins,
buses, or communication lines) to communicate with the host
200A.

The host 200 may include a processor 215, a memory 220,
and a host controller 230. An operating system (OS)/host
firmware 210 may be driven by the processor 215. The
memory 220 may include a DRAM and a SRAM.

The host 200 may also include a clock generator (not
shown). The clock generator generates a clock signal CLK
used 1n the host 200 and the eMMC 300. The clock generator
may be implemented by a phase locked loop (PLL).

The processor 215 may be hardware that controls the gen-
eration of a command CMD, the analysis of a response RES,
the process of data stored in an extended card specific data
(CSD) register (or an EXT_CSD register) 371, and/or the
process of other data. The processor 215 may drnive the
OS/host firmware 210 to perform these operations.

The host controller 230 interfaces with the eMMC 300.
The host controller 230 issues the command CMD to the
eMMC 300, receives the response RES to the command
CMD, transmit write data to the eMMC 300, and receives
read data from the eMMC 300.
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The host controller 230 may 1nclude host command regis-
ters 233 for storing information about commands transmitted
to the eMMC 300. The host command registers 235 may be
provided separated from a memory (e.g., 220) within the host
200 or may be provided 1n the memory (e.g., 220).

The eMMC buses illustrated 1n FIG. 1 may include ten

conventional buses 101, 102, and 103 (for example, defined 1n
eMMC 4.51). However, example embodiments of the mven-
tive concepts are not restricted thereto. For instance, eMMC
buses may also include a unidirectional return clock bus (not
shown) that transmits a return clock signal (not shown) from

the eMMC 300 to the host 200.

The clock bus 101 transmits the clock signal CLK. The
bidirectional command bus 102 transmits the command

CMD to the eMMC 300 and transmits the response RES to the
command CMD to the host 200. The bidirectional data bus
103 transmits write data DAT[7:0] to the eMMC 300 for the

data write operation and transmits read data DAT[7:0] to the
host 200 for the data read operation.

The host 200 may transmit a hardware reset signal to the
eMMC 300 through a reset line (not shown). The host 200
may generate operating voltages necessary for the operations
of the eMMC 300 and transmit them to the eMMC 300.

FIG. 2 1s a block diagram of the host controller 230 1llus-
trated 1n FI1G. 1 according to some example embodiments of
the mventive concepts. The host controller 230 i1ncludes a
command generation unit 231, a data mput/output (I/O) unit
234, a task management unit 232, and a state control unit 233.
The task management umt 232 may manage the creation and
termination of a task.

The command generation unit 231 may generate the com-
mand CMD at the request of a task and send the command
CMD to the eMMC 300. It may also receive the response RES
to the command CMD.

Thedata I/Ounit 234 may transmit the data DAT|[7:0] to the
eMMC 300 through the bidirectional data buses 103 1n a write
operation and may recerve the data DAT[7:0] from a flash
memory 370 through the bidirectional data buses 103 in a
read operation.

The state control unit 233 may independently control a
command bus state machine for managing the state of the
command bus 102 and a data bus state machine for managing
the state of the data bus 103. The operation of the state control
unit 233 will be described with reference to FIGS. 6 and 7
later.

The elements of the host controller 230 illustrated 1n FIG.
2 may be implemented 1n hardware, soitware, or a combina-
tion thereof. For instance, some or all of the elements of the
host controller 230 may be implemented 1n firmware.

FIG. 3 1s a block diagram of the eMMC 300 according to
some example embodiments of the mnventive concepts. Refer-
ring to FIG. 3, the eMMC 300 includes a device controller,
¢.g., an eMMC controller, 310 and the flash memory 370.

The eMMC controller 310 controls data communication
between the host 200 and the flash memory 370. The eMMC
controller 310 includes an eMMC host interface 320, a CPU
330, a memory 340, an error correction code (ECC) block
360, and a flash interface 365.

The eMMC host interface 320 receives the clock signal
CLK and the command CMD from the host 200, interprets the
command CMD, generates the response RES according to an
interpretation result, and transmits the response RES and data
generated based on the response RES to the host 200. The
eMMC host interface 320 may include a device command
register 325 {for storing information about commands
received from the host 200. The device command register 3235
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may be implemented separately from a memory (e.g., 340)
within the device controller 310 or may be implemented using
the memory.

FIG. 4A 1s a diagram of an example 325A of the device
command register 325 1llustrated 1n FI1G. 3. The device com-
mand register 325A 1ncludes N registers 325-1 through
325-N where N 1s a natural number of at least 2 and indicates
the size of the device command register 325A, 1.e., the num-
ber of registers included in the device command register
325A. Here, N 1s defined as a multi-queue depth. Accord-
ingly, the eMMC host interface 320 may receive up to as
many commands as a maximum multi-queue depth from the
host 200 and store the commands in the registers 325-1
through 325-N, respectively.

A command according to the current embodiments 1s a
command predefined between the host 200 and the eMMC
300 to allow a command recerved from the host 200 to be
stored 1n the eMMC 300 so that before an operation corre-
sponding to a current command 1s completed (for example,
betfore data read from the flash memory 370 1s transmitted to
the host 200 or before data recerved from the host 200 1s
programmed to the tlash memory 370), a subsequent com-
mand can be recerved.

In other words, the command according to the current
embodiments 1s not a conventionally defined command 1n an
eMMC but 1s newly defined command 1n order to increase an
overall data transfer rate by allowing the eMMC 300 to
receive another command even in a busy state (e.g., a data
read operation or a data write operation).

According to a conventional eMMC protocol, during data
transier or while the eMMC 1s 1n the busy state, a host cannot
send commands (a read command and a write command)
other than a stop or abort command and a status check com-
mand to an eMMC. The stop or abort command is for stop-
ping data transier and the status check command 1s for check-
ing the state of a device. For instance, according to the
conventional eMMC protocol, commands cannot be trans-
mitted 1n a send-data state, a receive-data state, and a program
state and can be transmitted only in a transfer state after the
completion of an operation. Therefore, performance
decreases due to protocol overhead.

According to the example embodiments of the mventive
concepts, even during the data transfer or the busy state of the
eMMC 300, the host 200 can send a command to the eMMC
300 so that the eMMC 300 prepares for subsequent data
transmission, thereby increasing data transier performance. A
command according to the example embodiments of the
inventive concepts may not be the stop or abort command or
the status check command but may be a preparation command
for preparation of subsequent data transier, a command for
canceling the preparation command, or a command for read-
ing data prepared in response to the preparation command.
Commands may be stored in the registers 325-1 through
325-N 1illustrated in FIG. 4A.

The registers 325-1 through 325-N store information
(hereinafter, referred to as command information) about a
command 1ssued from the host 200. For instance, the eMMC
host mterface 320 may store information about a first com-
mand 1n the first register 325-1 and store information about a
second command 1n the second register 325-2. In this manner,
the eMMC host interface 320 may store command informa-
tion about up to N commands in the registers 325-1 through
325-N.

FI1G. 4B 1s a diagram of an example of command informa-
tion stored 1n the register 325-N 1llustrated 1n FIG. 4A. The
command information may include a command type, an
address, and a data size. However, example embodiments of
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the 1nventive concepts are not restricted to the current
embodiments. The command type, the address, and the data
s1ze may be included in a command issued by the host 200 and
transierred to the eMMC 300.

The command type 1s a field indicating a type of a com-
mand and may include a prepare-read command and a pre-
pare-write command. The address indicates an address at
which the command 1s executed. The data size indicates the
size of data on which the command 1s executed. For instance,
when the command 1s a prepare-read command, the address 1s
100, and the data si1ze 1s 1024; it may 1nstruct to read data of
1024 bytes at an address of 100. However, the unit of a data
s1Ze 1S not restricted to bytes. A different unit such as the
number of blocks or pages of a predetermined size may be
used.

FIG. § 1s a diagram of another example 3235B of the device
command register 325 1llustrated in FI1G. 3. The device com-
mand register 325B may include data size registers 326-1
through 326-N respectively storing data sizes DS1 through
DSN and address registers 327-1 through 327-N respectively
storing start addresses SA1 through SAN. The data sizes DS1
through DSN and the start addresses SA1 through SAN may
be mnformation imncluded 1n commands.

In the example embodiments of the inventive concepts, a
command may include a command (hereinaftter, referred to as
a size specilying command) for specilying the size of data to
be read or written and a command (hereinafter, referred to as
an address specilying command) for specilying a start
address indicating the position of the data.

The size specilying command may include a command
type and a data size. The command type 1s a field or an
argument that indicates a type of command. The data s1ize may
be a block count, but example embodiments of the inventive
concepts are not restricted thereto. A block 1s a data unit with
a predetermined size and may correspond, for mstance, to a
page of flash memory. However, example embodiments of the
inventive concepts are not restricted thereto. The data size of
the size speciiying command may be stored 1n a correspond-
ing one of the data size registers 326-1 through 326-N.

The address specilying command may include a command
type and a start address. The start address in the address
speciiying command may be stored 1n a corresponding one of
the address registers 327-1 through 327-N.

The host command register 235 of the host 200 may be
similar to the device command register 325A or 325B 1llus-
trated 1n FI1G. 4A or 5.

The host controller 230 may include the host command

register 235 that manages commands transmitted to the
eMMC 300 to store command 1nformation.

The CPU 330 controls the operations of the interfaces 320
and 365 and controls the overall operation of the eMMC 300.
The memory 340 temporarily stores data transferred between
the interfaces 320 and 365. The memory 340 may be imple-
mented by volatile memory.

The tflash memory 370 stores data. When the tlash memory
370 1s implemented by NAND flash memory, the flash inter-
face 365 may be implemented by a NAND flash interface. The
flash memory 370 includes the EXT_CSD register 371 that
stores device properties and selected modes.

The flash memory 370 may include a plurality of memory
clements CEO through CE3. Although four memory elements
CE0 through CE3 are 1llustrated 1n FIG. 3, example embodi-
ments ol the inventive concepts are not restricted to the cur-
rent embodiments. The flash memory 370 may have a struc-

ture that supports at least two channels. The host 200 may
1ssue SEND_EXT_CSD (CMD8) to read the EXT_CSD reg-

ister 371. The eMMC 300 transmits data in the EXT CSD
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register 371, which 1s 512 bytes 1n length, as a data block to
the host 200. A multi-queue depth may be set 1n a reserved
field of the EXT_CSD register 371. Alternatively, the multi-
queue depth may be set in another host control register, which
can be controlled or set by the host 200.

FIG. 6 1s a diagram of a command bus state machine
according to some example embodiments of the mventive
concepts. FIG. 7 1s a diagram of a data bus state machine
according to some example embodiments of the mventive
concepts.

Referring to FIG. 6, a command bus state may be an idle
state S10, a transmit-command state S11, or a receive-re-
sponse state S13. However, the command bus state 1s not
restricted to these three states in FIG. 6. When there 1s a
command to be transmitted to the eMMC 300, the host con-
troller 230 switches the command bus state from the 1dle state
S10 to the transmit-command state S11 so that the command
1s transmitted to the eMMC 300. After the command 1s trans-
mitted to the eMMC 300, the command bus state 1s switched
to the receive-response state S13 when the command expects
a response. When the response to the command 1s recerved
from the eMMC 300, the command bus state 1s switched to
the 1dle state S10. When the command does not expect a
response, the command bus state 1s switched from the trans-
mit-command state S11 to the i1dle state S10. A stand-by state
(not shown) lasting during a predetermined number of clock
cycles may be intervened 1n the transition from the recerve-
response state S13 to the idle state S10 and the transition from
the transmit-command state S11 to the 1dle state S10.

Referring to FIG. 7, a data bus state may be an 1dle state
S20, a data transfer state S21, or a recerve-response or wait
state, and specifically, a receive-cyclic redundancy check
(CRC) status or wait state S22. However, the data bus state 1s
not restricted to these three states i FIG. 7. When the host
controller 230 transmits a command accompanied by data
transier (hereinafter, referred to as a data transfer command)
to the eMMC 300, the data bus state 1s switched from the idle
state S20 to the data transfer state S21 so that data correspond-
ing to the data transfer command 1s transmitted to the eMMC
300. The data may be transmitted in units of blocks. For
instance, when the transmission of data of a block 1s com-
pleted, the data bus state 1s switched to the receive-CRC status
or wait state S22 and the host controller 230 stands by until
receiving a CRC status response corresponding to the block.

When receiving the CRC status response, the host control-
ler 230 switches 1nto the data transfer state S21 and transmits
data of a next block and then switches into the receive-CRC
status or wait state S22. When the transmission of data of all
blocks 1s completed, the host controller 230 switches into the
idle state S20.

The state control unit 233 independently operates the com-
mand bus state machine and the data bus state machine. It 1s
apparent that the command bus state and the data bus state
may be related with each other. However, the command bus
state and the data bus state are not operated 1n a single state
machine but are operated 1n separate machines, respectively.

For 1instance, even when the data bus state 1s not an 1dle
state, that 1s, the data bus state 1s a data transfer state or
receive-CRC status or wait state, the host 200 may transmit a
command (e.g., a command that 1s not accompanied by data
transier, a cancel command, or the like) to thy eMMC 300. A
command may be largely divided into two types: one 1s a data
transfer command:; and the other 1s a command that 1s not
accompanied by data transier (hereinafter, referred to as a
non-data transfer command).

FIG. 8 1s a flowchart of a method of operating a non-
volatile memory card system according to some example
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embodiments of the inventive concepts. The method may be
performed using the non-volatile memory card system 100
illustrated 1n FIG. 1.

The host 200 transmits a prepare-read (PR) command to
the device controller 310 1 operation S110. The device con-
troller 310 may send an R1 response to the host 200 in
response to the PR command 1n operation S115 and store PR
command imnformation in a command register.

The PR command instructs the eMMC 300 to prepare a
data read operation and 1s a non-data transfer command. The
PR command may be transmitted to the device controller 310
even while data 1s being transmitted or the eMMC 300 1s1n a
busy state. In addition, a plurality of (e.g., a multi-queue
depth) PR commands may be transmitted. In other words,
operations S110 and S115 may be repeated multiple times.
The host 200 may also include a command counter (not
shown) to count the number of PR commands transmuitted.

The PR command may include a data size specitying the
s1ze of data to be read and a start address specilying a start
address of the data. The data si1ze and the start address may be
stored 1n the command register 325A or 3258 as shown 1n
FIG. 4A or FIG. 5.

The device controller 310 sends a read command to the
flash memory 370 according to the start address and the data
s1ze stored 1n the command register 325 in operation S120 and
reads data from the tlash memory 370 in operation S125. The
read data 1s stored 1n a data buflfer 1n operation S130.

The data butfer 1s provided to store data according to a PR
command. The memory 340 shown 1n FIG. 3 may be used as
the data builfer.

When previous data transier 1s completed (1.e.,1t1s YES) 1n
operation S135, the host 200 transmits a data read-out (RO)
command to the device controller 310 1n operation S140. In
response to the data RO command from the host 200, the
device controller 310 sends an R1 response to the host 200 1n
operation S145 and transmits the data 1n the data butler to the
host 200 1n operation S150.

The data RO command 1nstructs the data, which has been
stored 1n the data butier according to the PR command, to be
transmitted to the host 200. It 1s a data transtfer command. The
data RO command may be transmitted to the eMMC 300
when the data bus state 1s the 1dle state after the previous data
transter 1s completed.

FIG. 9 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to some example embodiments of
the inventive concepts. Part (a) in FIG. 9 shows the conven-
tional read operation and part (b) in FIG. 9 shows the read
operation according to the current example embodiments of
the inventive concepts.

Referring to part (a) in FIG. 9, when a host sends a read-
read (RD) command 911 to an eMMC through a command
bus, the eMMC reads (912) data from a flash memory in
response to the RD command 911 and transmuits (913) the data
to the host through a data bus DAT. The host recerves the read
data through the data bus DAT and stores (914) 1t 1n a host
memory.

Only after receiving (913) the data corresponding to the
RD command 911, the host can send a next RD command 915
to the eMMC. Accordingly, the host 1s forced to wait for the
data to be received (913) after sending the RD command 911.

Referring to part (b) in FIG. 9, the host 200 sends a first PR
command 921 to the eMMC 300. The eMMC 300 reads data
from a flash memory 1n response to the first PR command 921
and stores (922) the data 1n a data buffer.

The host 200 sends a data RO command 923 to the eMMC
300 in order to read the data from the data butier. The eMMC
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300 transmits (924) the data stored 1n the data bufler to the
host 200 through the data bus DAT in response to the data RO
command 923. The host 200 receives the data through the
data bus DAT and stores (925) it in a host memory. Mean-
while, before the data transfer 924 1s completed, that 1s, while
the data 1s being transierred (924 ), the host 200 sends a next
PR command 926 to the eMMC 300, so that the eMMC 300
can prepare a next read operation. The eMMC 300 reads data
from the tlash memory and stores (927) 1t 1n the data butfer in

response to the PR command 926.
In this manner, the host 200 sends a PR command to the

eMMC 300 even while data 1s being transierred or the eMMC
3001s in the busy state to allow the eMMC 300 to prepare data
for a next read operation, thereby increasing data read perfor-
mance. In other words, since the eMMC 300 receives the PR

command 1n advance and prepares for the next read operation
(for example, the eMMC 300 reads data from the flash

memory and stores 1t in the data butler), thereby increasing,

the read performance.

In the embodiments shown 1n part (b) 1n FIG. 9, the data RO
command corresponds to the PR command one on one, but
example embodiments of the mventive concepts are not
restricted to the current embodiments. In other embodiments,
all of read data prepared using a plurality of PR commands
may be transmitted to the host 200 at a time using a single data
RO command.

FIG. 10 1s a schematic timing chart i1llustrating the opera-
tions of the non-volatile memory card system 100 according
to some example embodiments of the inventive concepts. The
host 200 sends a first PR command 951 to the eMMC 300.
The eMMC 300 reads data from a flash memory in response
to the first PR command 951 and stores (952) the datain a data
buffer.

The host 200 sends a data RO command 953 to the eMMC
300 1n order to read the data from the data buffer. The eMMC
300 transmits (954) the data stored in the data buffer to the
host 200 through the data bus DAT in response to the data RO
command 953. The host 200 receives the data through the
data bus DAT and stores (956) 1t 1n a host memory.

During the data transfer (954 ), the host 200 consecutively
sends a second PR command 957 and a third PR command
959 to the eMMC 300. The eMMC 300 reads data from the
flash memory and stores (958) 1t 1n the data buffer in response
to the second PR command 957 and reads data from the flash
memory and stores (961 ) 1t 1n the data butier in response to the
third PR command 959. The host 200 may cancel the third PR
command 959 before reading the data from the data buifer.

For instance, the host 200 may send the eMMC 300 a
cancel command 960 for cancelling the third PR command
959. The cancel command 960 may specifically cancel part or
all of previous PR commands. The eMMC 300 cancels the
third PR command 959 in response to the cancel command
960. For instance, when the cancel command 960 1s received
before data corresponding to the third PR command 959 1s
read from the flash memory, the third PR command 959 may
be removed from a command register without a data read
operation being performed. When the cancel command 960 1s
received after the data 1s read in response to the third PR
command 959 and is stored in the data butter, the data in the
data buifer may be removed or invalidated.

The host 200 sends a data RO command 962 to the eMMC
300 1n order to read the data from the data buffer. The eMMC
300 transmits (963) the data 958 stored 1n the data buifer to
the host 200 through the data bus DAT 1n response to the data
RO command 962. The host 200 recerves the data through the

data bus DAT and stores (964) 1t 1n the host memory.
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FIG. 11 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to other example embodiments of
the inventive concepts. Part (a) in FIG. 11 shows the conven-
tional read operation and part (b) in FIG. 11 shows the read
operation according to the example embodiments of the
inventive concepts.

Referring to part (a) in FIG. 11, when a host sends an RD
command 411 to the eMMC through a command bus, the
eMMC sends an R1 response 412 to the RD command 411 to
the host through the command bus. The eMMC prepares
(431) to read data from a flash memory NAND 1n response to
the RD command 411, reads (432 and 433) data from flash
memory cells, and transmits (421 ) the data to the host through
data buses.

The host can send a subsequent RD command 414 only
alter recerving the data 421 corresponding to the RD com-
mand 411. Accordingly, the host i1s forced to stand by (413)

until receiving the data 421 since receiving the R1 response
412 to the RD command 411.

However, referring to part (b) in FIG. 11, the host 200 sends
a first PR command 441 to the eMMC 300. The eMMC 300
sends to the host 200 an R1 response 442 to the first PR
command 441. Also, the eMMC 300 reads (461 and 462) data
from the flash memory CEQ 1n response to the first PR com-
mand 441 and stores (463) the data 1n a data butier.

Upon receiving the R1 response 442 from the eMMC 300,
the host 200 sends a second PR command 443 to the eMMC
300. In other words, the host 200 can send the second PR
command 443 for reading next data to the eMMC 300 1n a
state where data corresponding to the first PR command 441
has not been recerved yet.

TheeMMC 300 sends an R1 response 444 to the second PR
command 443 to the host 200 and also reads (471 and 472)
data from the flash memory CE1 in response to the second PR
command 443 and stores (473) the data in the data butfer.

In this manner, the host 200 can send up to as many PR
commands as a maximum multi-queue depth N. For instance,
when the multi-queue depth N 1s 4, the host 200 may send up
to four PR commands. The multi-queue depth N may be
stored 1n the EXT_CSD register 371 of the eMMC 300. The
host 200 may read the EXT_CSD register 371 using a par-
ticular command, e.g., SEND_EXT_CSD, and recognize the
multi-queue depth N.

The eMMC 300 may read data from the flash memory 370
using a parallel operation. For instance, the eMMC 300 may
perform 1n parallel an operation (461 through 463) of reading
data from the first memory element CEOQ of the flash memory
370 and an operation (471 through 473) of reading data from
the second memory element CE1 of the flash memory 370
using a multi-plane read operation.

The host 200 sends a data RO command 445 to the eMMC
300 1n order to read out the data stored 1n the data butfer. The
eMMC 300 sends an R1 response 446 to the data RO com-
mand 4435 and also transiers the data stored in the data butier
to the host 200 through data buses. At this time, the data 451
transierred may be data 463 read from the flash memory CEO
in response to the first PR command 441. The data RO com-
mand 445 may be acommand newly defined between the host
200 and the eMMC 300 for a data read operation according to

some example embodiments of the inventive concepts.
The host 200 sends a data RO command 447 to the eMMC

300 1n order to read out the next data stored in the data butter.

The eMMC 300 sends an R1 response to the data RO com-
mand 447 and also transters the data stored in the data butter

to the host 200 through the data buses. At this time, the data
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452 transierred may be data 473 read from the tlash memory
CE1 1n response to the second PR command 443.

As described above, according to the example embodi-
ments of the mventive concepts, an 1dle time between com-
mands 1s reduced, so that read performance 1s increased. In
other words, the eMMC 300 receives PR commands 1in
advance and makes preparations for read operations (e.g.,
preparations of reading data from the flash memory 370 and
storing the data in the data bufler) at a time or 1n parallel,
thereby increasing the read performance.

FIG. 12 1s a schematic timing chart for the comparison
between a conventional write operation of an eMMC and a
write operation according to some example embodiments of
the inventive concepts. Part (a) in FIG. 12 shows the conven-
tional write operation and part (b) 1n FIG. 12 shows the write
operation according to the example embodiments of the
iventive concepts.

Referring to part (a) 1n FIG. 12, when a host sends a write
(WR) command 511 to the eMMC through a command bus,

the eMMC sends an R1 response 512 to the WR command
511 to the host through the command bus. Upon recerving the
R1 response 312, the host transters (521) datarelated with the
WR command 511 to the eMMC through data buses. The
eMMC programs (525) the data received from the host to
flash memory. Until the eMMC completes the programming
of the data to the flash memory, the eMMC 1s 1n a busy state.
The eMMC may inform the host of the busy state through one
(e.g., DAT]0]) of the data buses. The host can send a subse-
quent WR command 514 to eMMC only after standing by
(513) until the data writing to the flash memory 1s completed.
However, referring to part (b) in FIG. 12 according to the

example embodiments of the inventive concepts, the host 200
sends a first WR command 531 to the eMMC 300. The eMMC

300 sends to the host 200 an R1 response 532 to the first WR
command 3531.

Upon receiving the R1 response 532, the host 200 transfers
(541) data related with the first WR command 531 to the
eMMC 300 through data buses and may also send a second
WR command 533 to the eMMC 300 while transierring the
data. The eMMC 300 may recerve the second WR command
533 from the host 200 and send an R1 response 534 to the host
200 betore 1t completely programs (545) the data 541 related
with the first WR command 531 to the flash memory 370.

In this manner, the host 200 may send up to as many WR
commands as the maximum multi-queue depth N. For
instance, when the multi-queue depth N 1s 4, the host 200 may
send up to four WR commands.

The eMMC 300 may sequentially write (545 and 546) data
to the flash memory 370. In other embodiments, the eMMC
300 may write data to the flash memory 370 using a parallel
operation. For instance, the eMMC 300 may perform in par-
allel an operation of programming data to the first memory
clement CE0Q of the flash memory 370 and an operation of
programming data to the second memory element CE1 of the
flash memory 370 using a multi-plane program operation.

FIG. 13 1s a flowchart of a read operation according to
turther example embodiments of the inventive concepts. The
host 200 sends the device controller 310 a size specilying
command CMD_ds for specitying the size of data to be read
in operation S510. In response to the size specilying coms-
mand CMD ds, the device controller 310 sends an R1
response to the host 200 1n operation S513 and stores a data
s1ze included 1n the size specitying command CMD_ds 1n the
device command register 325.

After recerving the R1 response from the eMMC 300, the
host 200 sends an address specilying command CMD_sa to
the device controller 310 1n operation S520. The device con-
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troller 310 sends an R1 response to the host 200 1in response to
the address speciiying command CMD_sa 1n operation S525
and stores a start address 1n the device command register 325.

Operations S510 through S525 may be repeated up to as
many times as the maximum multi-queue depth N and may be
performed even while previous data 1s being transierred
through data buses.

The si1ze specilying command CMD_ds and the address
speciiying command CMD_sa may correspond to a PR com-
mand that has been described above. In other words, the PR
command may be implemented as a command set including
at least two commands.

The device controller 310 sends a read command to the
flash memory 370 according to the start address and the data
s1ze stored 1n the device command register 325 1n operation
5530 and reads data from the flash memory 370 in operation
S540. The device controller 310 stores the data in a data buffer
in operation S545.

When previous data transier 1s completed (YES) 1n opera-
tion S550, the host 200 sends a data read-out command
CMD_ro to the device controller 310 in operation S355. In
response to the data read-out command CMD_ro, the device
controller 310 sends an R1 response to the host 200 1n opera-
tion S560. In addition, the device controller 310 transmits the
data 1n the data butler to the host 200 1n operation S565. The
data read-out command CMD_ro may be the same as a data
RO command described above.

FIG. 14 1s a schematic timing chart for the comparison
between a conventional read operation of an eMMC and a
read operation according to other example embodiments of
the mventive concepts. Part (a) in FIG. 14 shows the conven-
tional read operation and part (b) 1n FIG. 14 shows the read
operation according to the example embodiments of the
inventive concepts.

Referring to part (a) in FIG. 14, when a current state 1s a
data transier state, that 1s, while data 1s being transferred (610)
through a data bus, a host cannot send a command for reading
or writing data from or to a flash memory except for a par-
ticular command, e.g., a stop command or an abort command
for stopping a previous command. Only after the data transfer
610 1s completed, the host can send a normal read command
620 to an eMMC. The eMMC reads (tR or 625) data from the
flash memory in response to normal data read commands 621
and 623 and transmits (627) the data to the host. While the
eMMC 1s reading (625) the data from the flash memory and
transmitting (627) the data to the host, the host cannot send a
subsequent read command. Therefore, the host needs to wait

for the data to be completely recerved since sending the read
command.

However, referring to part (b) in FI1G. 14, the host 200 sends
a PR command 720 to the eMMC 300 even during data
transier 710. In detail, the host 200 sends a size specifying
command, 1.e., CMDS57 721 to the eMMC 300 and the eMMC
300 sends to the host 200 an R1 response 722 to the CMD57
721. Next, the host 200 sends an address specilying com-
mand, 1.e., CMD58 723 to the eMMC 300 and the eMMC 300
sends to the host 200 an R1 response 724 to the CMD58 723.
Here, CMDS57 721 corresponds to the size specilying com-
mand CMD ds illustrated in FIG. 13 and CMDAS8 723 corre-
sponds to the address specilying command CMD_sa 1llus-
trated 1n FIG. 13. The PR command 720 1s implemented as a
command set including CMDA57 721 and CMD38 723. The
host 200 may send a PR command including CMD357 and
CMD38 to the eMMC 300 N times where N 1s an integer of at
least 1.

The eMMC 300 reads data from the flash memory 370 1n

response to the PR command 720 and stores the data in a data
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buffer. Meanwhile, the data 710 being transferred may be
stored 1n a normal buffer separated from the data buifer.

When the transfer of the previous data 710 1s completed,
the host 200 sends a data read-out command, 1.e., CMD359 726
to the eMMC 300 1n order to read out data 731 through 733
from the data bufier. The eMMC 300 sends an R1 response
726 to the host 200 1n response to the CMD39 726 and
transmits the data 731 through 733 stored in the data butier to
the host 200 through data buses.

FIG. 15 1s a flowchart of a write operation according to
other example embodiments of the mventive concepts. The
host 200 transmits a size specitying command CMD_ds for
specily the size of data to be written to the device controller
310 1n operation S610. The device controller 310 sends an R1
response to the host 200 1n response to the size specilying
command CMD_ds in operation S615 and stores a data size
corresponding to the size specitying command CMD_ds 1n
the device command register 325.

After recerving the R1 response from the eMMC 300, the
host 200 sends an address specilying command CMD_sa to
the device controller 310 1n operation 5520. The device con-
troller 310 sends an R1 response to the host 200 1n response to
the address specitying command CMD_sa in operation S625
and stores a start address 1n the device command register 325.

Operations S610 through $625 may be repeated up to as
many times as the maximum multi-queue depth N and may be
performed even while previous data 1s being transierred
through the data buses although not shown. Operations S610
through S623 may also be performed even while the device
controller 310 1s applying a program command to the flash
memory 370 in operation S630 for the programming of the
previous data and 1s programming the previous data to the
flash memory 370 1n operation S640. At this time, the previ-
ous data that 1s being transferred or programmed to the flash
memory 370 may be stored in the normal buifer.

When the transfer of the previous data 1s completed (1.¢.,
YES) 1n operation S630, the host 200 sends a data write-in
command CMD_wr to the device controller 310 1n operation
S655. In response to the data write-in command CMD_wr
from the host 200, the device controller 310 sends an R1
response to the host 200 1n operation S660. Then, the host 200
transters the write data to the eMMC 300 1n operation S665.

The eMMC 300 stores the write data in the data builer in
operation S670. The device controller 310 applies to the flash
memory 370 a program command for the programming of the
data stored 1n the data buifer in operation S675 and programs
the write data to the flash memory 370 1n operation S680.

In the embodiments illustrated 1n FIG. 15, the size speci-
tying command CMD_ds and the address specilying com-
mand CMD_sa may form a prepare-write command which 1s
a sort of non-data transier command that 1s not accompanied
by data transfer. The data write-in command CMD_wr may
be a data transfer command, which 1s accompanied by trans-
ter of write data.

FIG. 16 1s a schematic timing chart for the comparison
between a conventional write operation of an eMMC and a
write operation according to further example embodiments of
the inventive concepts. Part (a) in FIG. 16 shows the conven-
tional write operation and part (b) 1n FIG. 16 shows the write
operation according to the example embodiments of the
inventive concepts.

Referring to part (a) in FIG. 16, after the completion of the
transier ol previous data 811, a host sends an eMMC data 812,
a write command 821, and data DAT-a or 812 corresponding
to the write command 821. The eMMC programs (tPRG1) the
data DAT-a or 812 to a flash memory. Only when the data
DAT-a or 812 1s completely programmed to the flash memory,
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the transfer of the data DAT-a or 812 1s completed. Accord-
ingly, the host stands by until the programming of the data
DAT-a 1s completed and only then sends another write com-
mand 822 and data DAT-b or 813 corresponding to the write
command 822 to the eMMC.

However, referring to part (b) in FI1G. 16, the host 200 sends
prepare-write commands CS or 841 through 844 to the
eMMC 300 even during the transfer of previous data 831. The
prepare-write commands CS or 841 through 844 may include
a size specilying command CMD_ds and an address specity-
ing command CMD_sa, as shown 1n FIG. 15.

The eMMC 300 sequentially recerves and stores the pre-
pare-write commands CS or 841 through 844 1n the device
command register 325. When the transfer and the program-
ming (tPROG) of the previous data 831 1s completed, the host
200 sends the eMMC 300 a data write-in command 845 and
data DAT-a, DAT-b, DAT-c, and DAT-d corresponding to the
data write-in command 845. The eMMC 300 stores the data
DAT-a, DAT-b, DAT-c, and DAIT-d 1n the data buifer and
programs the data DAT-a, DAT-b, DAT-c, and DAT-d stored in
the data buifer to the flash memory 370.

In the example embodiments of the inventive concepts, an
eMMC 1s explained as an example. However, example
embodiments of the inventive concepts are not restricted
thereto but may be applied to any non-volatile memory card
including a command bus and a data bus and any host con-
trolling the card.

As described above, according to some example embodi-
ments of the inventive concepts, a host can send a command
to eMMC during data transier or before the eMMC completes
a read/write operation, so that preparation for a next read/
write command 1s performed even during the read/write
operation ol the eMMC. As a result, the read/write perfor-
mance of the eMMC i1s increased.

Example embodiments of the inventive concepts having
thus been described, 1t will be obvious that the same may be
varied 1n many ways. Such variations are not to be regarded as
a departure from the mtended spirit and scope of example
embodiments of the mventive concepts, and all such modifi-
cations as would be obvious to one skilled 1n the art are
intended to be icluded within the scope of the following
claims.

What 1s claimed 1s:

1. A method of operating a host connected to a non-volatile
memory card which comprises non-volatile memory and a
device controller for controlling data communication
between the host and the non-volatile memory, comprising:

transmitting a first command from the host to the non-

volatile memory card through a command bus, the first
command indicating first data;

transierring the first data by performing at least one of,

transmitting the first data from the host to the non-vola-
tile memory card through one or more data buses, and
receiving, at the host, the first data from the non-volatile
memory card through the one or more data buses; and
transmitting a second command from the host to the non-
volatile memory card through the command bus during
or before the transfer of the first data,
wherein the second command 1s transmitted even during a
period when the non-volatile memory card 1s 1n a busy
state, and

wherein the host 1s informed of the busy state of the non-

volatile memory card by an indication from one of the
one or more data buses.

2. The method of claim 1, further comprising:

operating a command bus state machine for managing

states of the command bus; and
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operating a data bus state machine for managing states of

the one or more data buses independently from the com-
mand bus state machine,

wherein,

the states of the one or more data buses include an idle
state, a data transier state, and a receive-response or
walit state, and

the second command 1s transmitted to the non-volatile
memory card when a state of the one or more data
buses 1s the data transfer state or the receive-response
or wait state.

3. The method of claim 1, wherein the first command is a
command accompanied by data and the second command 1s a
command that 1s not accompanied by data.

4. The method of claim 1, further comprising;

managing a number of times the second command 1s trans-

mitted.

5. The method of claim 4, further comprising;

storing a host multi-queue depth, the host multi-queue

depth 1dentifying a maximum number of times the sec-
ond command can be transmitted.

6. The method of claim 35, wherein the storing the host
multi-queue depth comprises:

reading mformation from an extended card specific data

(CSD) register of the non-volatile memory card;
extracting a multi-queue depth from the mnformation; and
storing the extracted multi-queue depth as the host multi-

queue depth.

7. The method of claim 1, wherein the second command 1s
a prepare-read command including a data size indicating a
s1ze of data to be read and a start address.

8. The method of claim 7, further comprising;

transmitting a third command to the non-volatile memory

card to read data from a data bufler included in the
non-volatile memory card,

wherein the non-volatile memory card reads data from a

non-volatile memory unit and stores the data read from

the non-volatile memory unit in the data buffer in
response to the second command.

9. The method of claim 8, wherein the second command 1s
one of one or more second commands, the third command
specifies all or part of the one or more second commands, and
the non-volatile memory card transmits data to the host in
response to the third command, the data transmitted in
response to the third command including only data that cor-
responds to the specified one or more second commands.

10. The method of claim 8, further comprising:

transmitting a cancel command to the non-volatile memory

card to specifically cancel all or part of the one or more
second commands.

11. The method of claim 1, wherein the second command
1s a prepare-write command including a data size indicating a
s1ze of data to be written and a start address and the second
command 1s one of one or more second commands.

12. The method of claim 11, wherein the one or more
second commands 1s a plurality of second commands, and the
method further comprises:

transmitting data corresponding to a first second com-

mand, from among the plurality of second commands, to

the non-volatile memory card through the one or more
data buses,

wherein a second one of the plurality of second commands

1s transmitted to the non-volatile memory card while the

data corresponding to the first second command 1s being
transmitted through the one or more data buses.
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13. The method of claim 11, further comprising;:

transmitting, to the non-volatile memory card through the

command bus, a third command for transmitting data
corresponding to at least one of the plurality of second
commands; and

transmitting the data corresponding to the at least one

second command to the non-volatile memory card
through the one or more data buses.
14. A method of operating a non-volatile memory card
system 1ncluding a host connected with a non-volatile
memory card, which comprises a non-volatile memory and a
device controller for controlling data communication
between the host and the non-volatile memory, through a
clock bus, a command bus, and one or more data buses, the
method comprising:
transmitting, from the host, a first command to the non-
volatile memory card through the command bus;

transierring first data corresponding to the first command
between the host and the non-volatile memory card
through the one or more data buses; and

transmitting, from the host, one or more second commands

to the non-volatile memory card through the command
bus during the transier of the first data,

wherein the one or more second commands are transmaitted

even during a period when the non-volatile memory card
1s 1n a busy state, and

wherein the host 1s informed the busy state of the non-

volatile memory card by an indication from one of the
one or more data buses.
15. The method of claim 14, wherein the one or more
second commands 1s a plurality of second commands, and the
method further comprises:
sequentially recerving, at the non-volatile memory card,
the plurality of the second commands and storing the
plurality of second commands in a command register,

wherein the transmitting the one or more second com-
mands to the non-volatile memory card includes the host
transmitting the plurality of second commands of to the
non-volatile memory card, the plurality of second com-
mands having a same command type.

16. The method of claim 15 wherein,

cach of the plurality of second commands 1s a prepare-read

command 1ncluding a data size indicating a size of data
to be read and a start address, and

the data size and the start address are stored in the com-

mand register.

17. The method of claim 16, further comprising:

reading, at the non-volatile memory card, data from a non-

volatile memory unit and storing the read data 1n a data
buffer included i1n the non-volatile memory card, in
response to each second command.

18. The method of claim 17, further comprising:

transmitting, from the host, a third command to the non-

volatile memory card; and

transmitting, from the non-volatile memory card, the read

data stored 1n the data butlfer to the host in response to the
third command.

19. The method of claim 18, wherein the data transmaitted to
the host 1n response to the third command 1s data read from
the non-volatile memory in response to the plurality of second
commands.

20. The method of claim 135, further comprising:

transmitting, from the host to the non-volatile memory

card, a cancel command for canceling one or more of the
plurality of second commands; and

invalidating, at the non-volatile memory card in response

to the cancel command, at least one of,
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the one or more of the plurality of second commands
specified by the cancel command, and

data corresponding to the one or more of the plurality of
second commands specified by the cancel command.

21. The method of claim 15, wherein each of the plurality
of second commands 1s a prepare-write command including a
data size indicating a size of data to be written and a start
address.

22. The method of claim 21, further comprising:

transmitting, from the host to the non-volatile memory,

second data corresponding to a first second command,
from among the plurality of second commands, through
the one or more data buses:
receiving the second data at the non-volatile memory card;
programming the received second data to a non-volatile
memory unit i response to the first second command;

transmitting, from the host, a second one of the plurality of
second commands to the non-volatile memory card
while the second data 1s being transmitted through the
one or more data buses;
transmitting, from the host, third data corresponding to the
second one of the plurality of second commands to the
non-volatile memory card through the one or more data
buses after the second data 1s completely transmitted;

receiving the third data at the non-volatile memory card;
and

programming the received third data to the non-volatile

memory 1n response to the second command.
23. The method of claim 21, further comprising;:
transmitting, from the host to the non-volatile memory
card, a third command through the command bus;

sequentially transmitting, from the host to the non-volatile
memory card, second data corresponding to the plurality
of second commands through the one or more data
buses:

receiving the second data at the non-volatile memory card;

and

programming the second data to a non-volatile memory

unit in response to the third command.

24. A host connected with a non-volatile memory card,
which comprises a non-volatile memory and a device con-
troller for controlling data communication between the host
and the non-volatile memory, through a clock bus, a com-
mand bus, and one or more data buses, the host comprising:
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a processor configured to control overall operation of the
host; and
a host controller configured to be electrically connected
with the processor and to interface with the non-volatile
memory card,
wherein the host controller 1s configured to,
transmit a first command to the non-volatile memory
card through the command bus,
transmuit first data corresponding to the first command to
the non-volatile memory card through the data bus or
receive the first data from the non-volatile memory
card through the one or more data buses, and

transmit a second command to the non-volatile memory
card through the command bus during or before trans-
fer of the first data,

wherein the second command 1s transmitted even during a
period when the non-volatile memory card is 1n a busy
state, and

wherein the host 1s informed the busy state of the non-
volatile memory card by an indication from one of the
one or more data buses.

25. The host of claim 24, wherein the host controller com-

Prises:

a state control unit configured to operate a command bus
state machine for managing states of the command bus
and to operate a data bus state machine for managing
states of the one or more data buses independently from
the command bus state machine,

the state control unit being configured such that the states
of the one or more data buses include an 1dle state, a data
transier state, and a receive-response or wait state,

the host control unit being configured such that the second
command 1s transmitted to the non-volatile memory
card when a state of the one or more data buses 1s the data
transier state or the receive-response or wait state.

26. The host of claim 25, wherein the first command 1s a
command accompanied by data and the second command 1s a
command that 1s not accompanied by data.

27. The host of claim 25, wherein the host controller further
COmprises:

a counter configured to manage a number of times the

second command 1s transmitted.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

